Because tracheostomy has a very high complication rate in small children, prolonged mechanical ventilation was not performed satisfactorily in infants until a technique was developed that allowed prolonged per-laryngeal endotracheal intubation in children. Plastic polyvinyl chloride endotracheal tubes were introduced in the 1950s; they soften at body temperature, and are much less likely to cause subglottic stenosis than endotracheal tubes made from metal or rubber. The first account of prolonged per-laryngeal intubation of infants using polyvinyl chloride tubes was written by Dr Bernard Brandstater, and this remarkable document is reproduced here. It sets out all the important principles of endotracheal intubation in children: the tube must fit easily through the cricoid ring, it must be firmly fixed in place with the tip in the mid trachea, meticulous humidification and suction are essential, and the tube should be changed only if there are signs of obstruction.
The ability to provide mechanical ventilation through an endotracheal tube for prolonged periods of time is the cornerstone of modern neonatal and paediatric intensive care. Tracheostomy has a very high complication rate in infants, and in the past, few children survived prolonged mechanical ventilation when a tracheostomy was required 1 . When metal or rubber tubes were used for prolonged perlaryngeal intubation, there was a very high incidence of subglottic stenosis and a high mortality rate. Subglottic stenosis was a particular problem in infants, who have a very narrow subglottic airway.
Plastic polyvinyl chloride tubes are stiff enough at room temperature to allow per-laryngeal endotracheal intubation, even with the very narrow tubes needed for small infants; and they soften at body temperature, so the risk of subglottic damage is greatly reduced. Last year marked the 40th anniversary of Dr Bernard Brandstater's presentation of 12 infants who underwent prolonged intubation for a variety of reasons 1 . As far as we know, this is the first account of prolonged per-laryngeal intubation in infants. Dr Brandstater's paper, published in the proceedings of the first European Congress of Anaesthesia held in Vienna in 1962, is reproduced at the end of this article.
Dr Bernard Brandstater did his undergraduate medical training in Adelaide, trained in anaesthesia in the United States and the United Kingdom, and then spent 13 years working at the American University of Beirut. In his account of prolonged intubation, Dr Brandstater postulated that prolonged intubation, properly performed, caused minimal laryngeal injury and was safer than tracheostomy. He also highlighted all the important issues that contribute to the success of prolonged nasal intubation. These include the importance of tube diameter and its relationship to the cricoid ring (to avoid laryngeal damage), the need for skilful tube fixation with adhesive tape (to prevent accidental extubation), meticulous attention to humidification, and saline installation and tracheobronchial suction (to maintain tube patency) as well as expert nursing care. Most of these principles apply equally to tracheos-tomy tube care, and their application has improved the safety of that technique. Forty years on, the principles remain unchanged and it is difficult to add to Brandstater's observations. Arguably, the only important technical advance since then has been the development of servo-controlled heated humidifiers.
Prolonged nasal intubation provided the essential technique that allowed the application of a range of ventilatory strategies, including continuous positive airway pressure, ventilation with positive end expiratory pressure, high frequency oscillation and the safe application of strategies such as prone positioning. It also increased the safety of anaesthesia during prolonged and complex surgical procedures and interhospital transport.
Brandstater and Muallem subsequently studied the effects of tracheal suction on lung mechanics in intubated infants 2 . In an elegant experiment they demonstrated a sharp fall in lung compliance with suction; the effect was greater when suction was prolonged and when the diameter of the suction catheter was large compared with the lumen of the endotracheal tube. The change in lung mechanics persisted if the infant was reconnected to the prior airway pressure or volume and a critical reopening pressure was required to overcome this effect. Atelectasis remained unless a pressure above 25 cmH 2 O was applied. By 1969, Brandstater and Muallem had clearly demonstrated the potentially harmful effects of endotracheal suction and the importance of what we now refer to as "recruitment manoeuvres". Few technical problems are more challenging to the anaesthetist than respiratory failure in the very young. Whatever the cause of failure some form of artificial airway is usually required, and tracheostomy has long been the mainstay. But tracheostomy is no light undertaking in infants, and those who have wrestled with its hazards have often wished for a satisfactory alternative.
Several attempts have been made to employ per-laryngeal intubation of the trachea as a substitute for tracheostomy. In adults the presence of a tube is uncomfortable, and the reported laryngeal complications (Briggs, 1950) have prevented the technique from achieving popularity. But in infants the hazards of tracheostomy are greater and the protests against discomfort are less. In two cases of tetanus neonatorum (Skyes, 1960) flexo-metallic tubes were used in place of tracheostomy; but grave laryngeal complications in both cases led to the technique being discarded.
At the American University Hospital, Beirut, prolonged intubation has been used in infants since 1959. The results have been encouraging, and this report describes the experience gained in the first 12 cases so managed. All had clear indications for tracheostomy. The nature of the cases is summarised below:
Cases 1, 2, 3 : t e tanus neonatorum, treated with curarization and I.P.P.R. Cases 4, 5 : bulbo-spinal poliomyelitis, both aged less than 12 months. Case 6 : newborn, with exhaustion and inadequate ventilation after major surgery for congenital defects . Case 7 : newborn, with congenital laryngeal stridor. Case 8 : newborn, with tracheal collapse due to a large neck tumour.
